Abstract. This paper was presented the finite element modeling, analysis and fatigue life prediction of lower suspension arm using the strain-life approach. Aluminum alloys are selected as a suspension arm materials. The structural model of the suspension arm was utilizing the Solid works. The finite element model and analysis were performed utilizing the finite element analysis code. TET10 mesh and maximum principal stress were considered in the linear static stress analysis and the critical location was considered at node (6017). From the fatigue analysis, Smith-WatsonTopper mean stress correction was conservative method when subjected to SAETRN loading, while Coffin-Manson model is applicable when subjected to SAESUS and SAEBRKT loading. From the material optimization, 7075-T6 aluminum alloy is suitable material of the suspension arm.
Introduction
In automotive industry, aluminium (Al) alloy has limited usage due to their higher cost and less developed manufacturing process compared to steels. However, Al alloy has the advantage of lower weight and therefore has been used increasingly in car industry for the last 30 years, mainly as engine block, engine parts, brake components, steering components and suspension arms where significant weight can be achieved [1] . The increasing use of Al is due to the safety, environmental and performance benefits that aluminium offers, as well as the improved fuel consumption because of light weight. One of the important structural limitations of an aluminium alloy is its fatigue properties. This study is aimed at the automotive industry, more specifically a wrought aluminium suspension system, where safety is of great concern. In the suspension arm, uncertainty is related to loads expected given to the car component due to individual driving styles and road conditions. Therefore, the prediction of fatigue life is less accurate even under controlled laboratory conditions. Hence the simulation is implemented because of cheap and easy to perform as well as provide insight to the mechanism . Rahman et al. [2] were studied about finite element based durability assessment in a two-stroke free piston linear engine component using variable amplitude loading. Conle and Mousseau [3] used the vehicle simulation and finite element result to generate the fatigue life contours for the chassis component using automotive proving ground load history result combine with the computational techniques. They concluded that the combination of the dynamics modelling, finite element analysis is the practical techniques for the fatigue design of the automotive component. Nadot and Denier [4] have been studied fatigue phenomena for nodular cast iron automotive suspension arms. The authors found that the major parameter influencing fatigue failure of casting components are casting defects. The high cycle fatigue behaviour is controlled mainly by surface defects such as dross defects and oxides while the low cycle fatigue is governed by multiple cracks initiated independently from casting defects. Svensson et al. [5] was conducted the fatigue life prediction based on variable amplitude tests-specific applications. Three engineering components have been tested with both constant amplitude loading and different load spectra and the results are analyzed by means of a new evaluation method. The method relies on the PalmgrenMiner hypothesis, but offers the opportunity to approve the hypothesis validity by narrowing the domain of its application in accordance with a specific situation. Molent et al. [6] was evaluated the spectrum fatigue crack growth using variable amplitude data. The main objective of this project is to conduct the finite element modelling, analysis and fatigue life prediction of aluminium alloy based suspension arm under variable amplitude loading. The overall objectives are to predict the fatigue life of suspension arm using strain-life method and identify the critical location; to optimize the material for the suspension arm.
Finite Element Based Fatigue Analysis
Fatigue analysis has traditionally been performed at a later stage of the design cycle. This is due to the fact that the loading information could only be derived from the direct measurement, which requires a prototype [7] . The finite element (FE) based on fatigue analysis can be considered as a complete engineering analysis for the component. The fatigue life can be estimated for every element in the finite element model, and the contour plots of life damage can be obtained. The flowchart of the finite element based fatigue analysis is shown in Fig. 1 . Material properties play an important role in the result of the FE method. The cyclic material properties are used to calculate the elastic-plastic stress-strain response and the rate at which fatigue damage accumulate due to each fatigue cycle. The mechanical properties of 6082-T6 aluminium alloy are shown in Table 1 . 
FE Analysis
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The strain-life approach can be used proactively for a component during early design stages. The local strain-life approach is preferred if the loading history is irregular and where the mean stress and the load sequence effects are thought to be of importance. The operations involved in the prediction process must be performed sequentially. The simple linear hypothesis proposed by Palmgren [8] and Miner [9] is used to accumulate the fatigue damage. Finally, the damage values for all cycles are summed until a critical damage sum (failure criteria) is reached. The CoffinManson total strain-life is mathematically defined as in Eq. (1).
where N f is the fatigue life; f σ ′ is the fatigue strength coefficient; E is the modulus of elasticity; b is the fatigue strength exponent; f ε ′ is the fatigue ductility coefficient; and c is the fatigue ductility exponent.
In designing for the durability, the commonly used models in the ground vehicle industry are those by Morrow [10] and by Smith, Watson, and Topper [11] . These two models are described in Eq. (2) and Eq. (3) respectively.
where max σ is the maximum stress, and a ε is the strain amplitude.
Results and Discussion
Finite Element Modelling and Analysis
The suspension arm is one of the important components in the automotive suspension component. Therefore, constraints are used to specify the prescribed enforce displacement and to enforce rest condition in the specified direction at grid point reaction. The structural model, threedimensional FE model, loading and constraints of suspension arm is shown in Fig. 2 . A 10 node tetrahedral element (TET10) was used for solid mesh. Sensitivity analysis was performed to determine the optimum element size. These analyses were preformed iteratively at different mesh global length until the appropriate accuracy obtained. Convergence of the stresses was recorded as the mesh global length was refined. The mesh global length of 0.3 mm was considered and the force 150 N was applied one end of the bushing that connected to the tire. The other two bushing that connected to the body of the car are constraint. These preload is based on Nadot and Denier [4] .
The mesh convergence is based on the geometry, model topology and analysis objectives. The tetrahedral elements (TET10) and tetrahedral elements (TET4) are used for the initial analysis based on the loading conditions (Fig. 2b) . The comparison was made between these two elements based on von Mises, Tresca, Maximum principal stresses and displacement are tabulated in Table 2 and 3 for TET 10 and TET4 respectively. According to the results, it can be seen that TET10 are able to capture the higher stresses compared to TET4 for the same mesh global length. Thus, TET10 is used for overall analysis. Variation of maximum principal stresses and displacement against the global mesh length are shown in Fig. 3 . It can be seen that TET10 gives the higher stress and displacement throughout the global mesh length. 
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The convergence of the stress was considered as the main criteria to select the mesh type. The finite element mesh was generated using the TET10 for various mesh global length. Fig. 4 shows the predicted results of stresses at the critical location of the suspension arm. It can be seen that the smaller the mesh size capture the higher predicted stresses. It can seen that the mesh size of 0.3 mm (5549 elements) has obtained the maximum stresses, which is almost flatter in nature. The mesh size smaller than 0.3 mm are not implemented due the limitation of computational time (CPU time) and storage capacity of the computer. Hence, the maximum principal stress based on TET10 at 0.3 mm mesh size is used in the fatigue life analysis since the stress is higher compared to Von Mises and Tresca principal stress. Fig. 4 . Stresses versus mesh size at critical location for TET10 to check mesh convergence.
Linear Elastic and Fatigue Analysis
The linear elastic stress analysis was performed utilizing MSC.NASTRAN to determine the stress and strain results from finite element model. The fillet of the bushing is found to experience the largest stresses. The result of the maximum principal stresses is used for the fatigue life analysis. The maximum principal stresses distributions of the suspension arm for the linear static stress analysis is shown in Fig. 5(a) for 6082-T6 aluminium alloy. From the results, the maximum principal stresses of 397 MPa was obtained at node 6017. The fatigue life of the suspension arm is initially predicted using SAETRN loading and strain-life method at critical location. The fatigue life is expressed in second. Then analysis was also performed to determine the fatigue life based on various variable amplitude loading time histories such as SAERTN (positive mean loading), SAESUS (negative mean loading) and SAEBKT (bracket mean loading) as given in Table 4 . It is observed that the fatigue life of the suspension at the critical location of node (1067) for various loading histories is different. The SAESUS loading histories gives the higher life compared to SAETRN and SAEBRKT loading histories. The distribution of fatigue life in term of log of life (sec) contour plotted for 6082-T6 aluminium alloy with SAETRN, loading histories are showed in Fig. 5(b) . Table 4 . Fatigue life with various loading histories for 6082-T6 at critical location of node (1067).
Loading histories
Fatigue life (seconds) × 10 
Conclusion
From the analysis conducted, several conclusions can be drawn as follows.
(i). Prediction of the fatigue life is focused on critical location of node 6017.
(ii). SWT mean stress correction is conservative method when subjected to SAETRN loading histories while Coffin-Manson model is applicable in SAESUS and SAEBKT loading histories. (iii). No design modification is made on structural model of the suspension arm (iv). 7075-T6 is suitable material compared to others material in the optimization.
